Contrast medium administration is one of the leading causes of acute kidney injury (AKI) in different clinical settings. The aim of the study was to investigate occurrence and predisposing factors of AKI in cirrhotic patients undergoing contrast-enhanced computed tomography (CECT).
Introduction
Acute kidney injury (AKI) is a severe complication of several different clinical conditions. [1] Apart from intrinsic renal diseases (i.e., glomerulonephritis, acute tubular necrosis, and interstitial nephritis) or postrenal diseases triggered by an obstruction along the urinary tract, AKI development is mainly related with prerenal azotemia due to an inadequate renal blood supply. [2] Liver cirrhosis "per se" predisposes patients to renal hypoperfusion because of central hypovolemia, arterial hypotension, and the consequent activation of different neurohormonal systems. [3] [4] [5] Indeed, AKI is a quite frequent occurrence in patients with advanced liver disease and it affects about 1/5 of the hospitalized patients with liver cirrhosis. [4] The International Club of Ascites has recently further stressed the association between AKI and cirrhosis, also adopting the definition by the AKI Network which defined AKI as an increase in serum creatinine (sCr) ≥0.3 mg/dL or ≥50% in 2 measurements 48 hours apart. [6, 7] An additional and well recognized risk factor of AKI development is the contrast medium administration in patients undergoing computed tomography. [8] [9] [10] Since hepatocellular carcinoma (HCC) is an event usually occurring in the course of cirrhosis, cirrhotic patients very often undergo radiological procedures enhanced with the use of contrast media for the early diagnosis of HCC as well as during the follow-up of HCC patients after treatment of cancer lesions. [11] Altogether, the above considerations suggest that cirrhotics might be a subset of patients particularly prone to develop contrast-induced AKI (CI-AKI). However, this aspect has been scarcely evaluated so far. [12] [13] [14] The aim of this study was to investigate occurrence and possible predisposing factors of CI-AKI in cirrhotic patients undergoing contrast-enhanced computed tomography (CECT).
Patients and methods
One thousand two hundred seventy-nine cirrhotic patients were consecutively hospitalized at the Clinical and Molecular Hepatology Division of the University Hospital of Messina from January 2008 to December 2014. Clinical, biochemical, instrumental, and radiologic data recorded in electronic charts from each of these patients were retrospectively analyzed. According to the scope of the study, 249/1279 patients (mean age 64 ± 11 years, 165 male) who had undergone CECT were selected on the basis of the availability of sCr values evaluated both within 5 days before and 48 hours after CECT (CECT group). In analogy, 203/1279 cases (mean age 66 ± 10 years, 132 male) who had not undergone CECT but had been tested twice for sCr in 7 days during hospitalization were also included in the study as controls (Control group) ( Table 1) . Eight hundred twenty-seven of 1279 cases excluded from the analysis were patients lacking double sCr checks, patients with an estimated glomerular filtration rate (eGFR) <30 mL/min (calculated by the Modification of Diet in Renal Disease-6 formula), [15] patients with active bacterial infections, patients with history of recent intake of potentially nephrotoxic drugs (i.e., nonsteroidal anti-inflammatory drugs) or history of exposure to contrast medium within 6 months before admission as well as of liver transplantation.
The severity of liver disease was assessed by Child-Pugh--Turcotte (CPT) and model for end-stage liver disease (MELD) scores. The contrast iodine medium used for all CECT was Iopromide (Ultravist ® ; Bayer HealthCare Pharmaceuticals Inc., Whippany, NJ, USA) (370 mg/mL, intravenously at a dosage of 1.2 mL per kilogram of body weight).
The study was conducted in accordance with the Declaration of Helsinki, and all patients gave their written informed consent to participate in the study.
Statistical analysis
The numerical data are expressed as mean and standard deviations and the categorical variables as count and percentage. Comparison between CECT and Control groups was performed using 2-sample Student t test and the x 2 test for numerical and for categorical variables, respectively. Variables considered were sex, age, etiology of cirrhosis, CPT score, MELD, eGFR, international normalized ratio, ascites, serum sodium, albumin, bilirubin and creatinine, azotemia, chronic kidney disease (CKD), diabetes, arterial hypertension, HCC, and treatment with diuretics as well as beta-blockers, antihypertensives, and antidiabetics drugs. Univariate logistic regression model was estimated on the cumulative study population (CECT and Control patients) in order to identify predictive factors of CI-AKI occurrence. Variables statistically significant at univariate analysis were then included in the multivariate logistic regression model to identify independent predictive factors of CI-AKI occurrence. Results of univariate and multivariate analyses are reported as P values, odds ratio (OR), and 95% confidence interval (CI). Table 1 Demographic, clinical, and laboratory data of patients exposed (CECT group) or not exposed (Control group) to contrast medium.
CECT group (N = 249)
Control group (N = 203) P Data are expressed as mean ± standard deviation (minimumÀmaximum) or number of patients (%). AIH = autoimmune hepatitis, CECT = contrast-enhanced computed tomography, CKD = chronic kidney disease, CPT = Child-Pugh-Turcotte, eGFR = estimated glomerular filtration rate, HCC = hepatocellular carcinoma, INR = international normalized ratio, MELD = model for end-stage liver disease, NAFLD = nonalcoholic fatty liver disease, PBC = primary biliary cholangitis.
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Statistical analyses were performed using IBM SPSS Statistics for Windows, Version 22 (IBM Corp., Armonk, NY). A P value less than 0.05 was considered statistically significant.
Results
No significant statistical difference was found between the CETC and the Control groups in terms of etiology of the liver disease, CPT classes, presence of HCC, esophageal varices, diabetes, and arterial hypertension (Table 1 ). In fact, in the CECT group, 98/ 249 patients (39.4%) had hepatitis B virus (HBV) (29 cases) or hepatitis C virus (HCV) (69 cases) chronic infection, 106 (42.6%) had nonalcoholic fatty liver disease (NAFLD)-related or cryptogenic cirrhosis, 35 (14%) had alcoholic cirrhosis, 10 (4%) had autoimmune liver disease or primary biliary cholangitis (PBC). In the Control group, 80/203 patients (39.4%) had HBV or HCV chronic infection (20 and 60 cases, respectively), 88 (43.3%) had NAFLD or cryptogenic cirrhosis, 27 (13.3%) had alcoholic liver disease, and 8 (3.9%) had autoimmune liver disease or PBC. In the CECT group, 143/249 cases (57.4%) belonged to the CPT class A, 88 (35.3%) to CPT class B, and 18 (7.2%) to CPT class C. In the Control group, 96 cases (47.3%) belonged to the CPT class A, 84 (41.4%) to CPT class B, and 23 (11.3%) to CPT class C. HCC was present in 86 (34.5%) patients in the CECT group and in 53 (26.1%) patients in the Control group. Esophageal varices were detected in 134 (53.8%) patients of the CECT group and in 116 (57.1%) patients of the Control group. Arterial hypertension was present in 90 (36.1%) patients of the CECT group and in 74 (36.5%) patients of the Control group. Ninety-four (37.8%) patients had diabetes in the CECT group, and 89 (43.8%) patients had diabetes in the Control group (Table 1) . On the contrary, the CECT group significantly differed from the Control group for presence of ascites (70 vs 89 patients, P < 0.001), hepatic encephalopathy (50 vs 61 patients, P = 0.01), CKD (54 vs 70 patients, P = 0.002), sCr (0.8 ± 0.3 vs 0.9 ± 0.4, P < 0.001), and eGFR (83 ± 30 vs 72 ± 29, P < 0.001) ( Table 1) .
AKI developed in 22/249 (8.8%) and in 6/203 patients (3%) of the CECT and the Control groups, respectively (P = 0.01). In particular, 20/22 cases (90.9%) had AKI stage 1 and 2/22 (9.1%) AKI stage 2 in the CECT group, whereas 5/6 patients (83.3%) had AKI stage 1 and 1 patient had AKI stage 2 in the Control group.
The univariate logistic regression analysis performed on the cumulative population of the CECT and Control groups showed that AKI was significantly associated with contrast medium administration (P = 0.014), female sex (P < 0.001), age (P = 0.04), sCr at baseline (P = 0.008), and eGFR (P = 0.04) ( Table 2) . At multivariate analysis, the use of contrast medium (OR: 3.242, 95% confidence interval [CI]: 1.255-8.375; P = 0.015), female sex (OR: 0.339, 95% CI: 0.139-0.827; P = 0.017), and baseline sCr (OR: 0.124, 95% CI: 0.016-0.975; P = 0.047) maintained statistical significance (Table 2) .
Limiting the analysis to the CECT group, presence of ascites (P = 0.024), female sex (P = 0.001), serum sodium levels (P = 0.024), and azotemia at baseline (P = 0.049) correlated with CI-AKI development at univariate analysis (Table 3) . Ascites (OR: 2.796, 95% CI: 1.109-7.052; P = 0.029), female sex (OR: 0.192, 95% CI: 0.073-0.510; P = 0.001), and azotemia at baseline (OR: 1.018, 95% CI: 1.001-1.037; P = 0.043) maintained the statistical significance at multivariate analysis (Table 3) .
Reevaluation 3 months after discharge from hospital was available in 17/22 and 6/6 patients who developed AKI in the CECT and in the Control groups, respectively. AKI persisted in 10/17 patients (58.8%) and in 1/6 patients (16.6%) in the CECT and the Control groups, respectively. Of note, none of the patients with persistence of worsened kidney function showed signs of liver decompensation. Not evaluated: multivariate analysis included only variables significant at a level <0.05 at univariate analysis. 95% CI = 95% confidence interval, CI-AKI = contrast-induced acute kidney injury, CKD = chronic kidney disease, CPT = Child-Pugh-Turcotte, eGFR = estimated glomerular filtration rate, HCC = hepatocellular carcinoma, INR = international normalized ratio, MELD = model for end-stage liver disease, OR = odds ratio.
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Discussion
Despite the limitations of the retrospective analysis, this study quite clearly indicates that the risk of AKI development in cirrhotics is significantly increased when patients undergo computed tomography with intravenous iodinated contrast. Moreover, although the CI-AKI was not usually severe (stage 1 in 90% of the cases), it seemed to persist over time since the worsening of kidney function was still present 3 months after the CECT execution in the majority of cases. The multivariate analysis revealed that presence of ascites, female sex, and increased levels of azotemia-but not of creatininemia-at baseline were risk factors of CI-AKI development. The fact that ascitic patients may be oversensitive in developing AKI is not surprising considering that kidney dysfunction is a major factor in ascites occurrence and thus advanced liver disease per se may be considered a clinical-pathological condition prone to an acute renal injury. [16, 17] It is more difficult to interpret why female sex and hyperazotemia at baseline may favor CI-AKI occurrence. Indeed, previous studies had already reported the association between female sex and CI-AKI. [18] [19] [20] [21] [22] In their study focused on liver transplanted patients, Hilmi et al [23] stressed that all the women enrolled were in menopausal age and thus had lost the beneficial protective effects exerted by estrogens against cardiovascular and renal diseases, and would therefore be more exposed to various kidney insults. Of note and in accordance with this hypothesis, all female patients who developed CI-AKI in our study were in menopause. Increased azotemia values in cases with normal creatininemia are usually considered an indicator of hypercatabolic condition and are indeed quite often present in the advanced phases of cirrhosis. Why hyperazotemia at baseline was the only biochemical parameter significantly associated with the subsequent CI-AKI development in our series of patients is not easy to explain. One might speculate a hypothetical involvement of hypercatabolism in favoring renal impairment in these patients, and therefore high azotemia levels may, better than hypercreatininemia, indicate basal conditions of kidney dysfunction that predispose to AKI induced by contrast medium administration.
In conclusion, this study reveals that development of CI-AKI is not a rare event in cirrhotic patients, particularly if in women and/ or in a decompensated phase with ascites and hyperazotemia. Renal impairment occurrence is a complication of cirrhosis and a frequent cause of dramatic worsening of the clinical picture and death. The results of this study suggest caution in performing CECT in patients with advanced cirrhosis, and reserving this radiologic approach for cases in which the clinical benefit for the patients of obtaining the information provided by this tool is clear. Not evaluated: multivariate analysis included only variables significant at a level <0.05 at univariate analysis. 95% CI = 95% confidence interval, CECT = contrast-enhanced computed tomography, CI-AKI = contrast-induced acute kidney injury, CKD = chronic kidney disease, CPT = Child-Pugh-Turcotte, eGFR = estimated glomerular filtration rate, HCC = hepatocellular carcinoma, INR = international normalized ratio, MELD = model for end-stage liver disease, OR = odds ratio. 
